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Expanding Engineering and Technology Opportunities to Students in the
Border Region through International Collaboration
Abstract
For some years now, our Department of Engineering Technology of the University of Texas Rio
Grande Valley (UTRGV), has collaborated with Universities across the southern border to carry
out different activities such as undergraduate research, collaborative course-based projects, and
senior design projects. We have observed how students benefit from being exposed to work in
multidisciplinary and multicultural teams.
We now expand this form of work to a higher-level research collaboration where students and
faculty from four different institutions participate. Two institutions of higher education in
Mexico and a University and a Community College in the United States. The collaboration
carries out an innovative project that requires the integration of different specialties. The project
consists of an intelligent clothing storage and retrieval system that involves artificial intelligence,
and a design of a sophisticated electromechanical system that optimizes storage and retrieval and
adapts to the needs of people with visual disabilities.
The collaborative effort includes the active participation of the faculty, supported by a team of
undergraduate students. An important part of the project includes a master's student from Mexico
visiting the UTRGV for three months to collaborate in the project.
Fortunately, The University of Texas System and CONACYT, Mexico’s entity in charge of
promoting scientific and technological development, have established an initiative to support binational academic research and collaboration through the ConTex program. This is an
opportunity to apply for the funding needed to take the project to successful completion.
This type of work represents a challenge in international collaboration and the paper discusses
not only the benefits but also the way to face these challenges. The pedagogical issues in
managing this type of multidisciplinary and multicultural research oriented technological project
are presented in the paper. A thorough literature survey on international collaborative projects of
similar nature are included in the paper.
Background
The Rio Grande Valley (RGV) in southeast Texas and the north east of Tamaulipas, Mexico is a
region known as one of the fastest growing metropolitan areas of the world, holding a regional
population of over 3.5 million people, amongst USA and Mexico, and hosts broadly diverse
manufacturing industries. As a result, higher learning institutions are working towards
incorporating higher education as a dynamic regional element.

The University of Texas Rio Grande Valley (UTRGV), was created in 2013 by the Texas
Legislature as an unprecedented and remarkable move to bring together the assets of the two
most important regional higher education institutions: The University of Texas at Brownsville
(UTB) and The University of Texas Pan American (UTPA) 1. As a new institution, UTRGV is
emerging as a regional research institution working to grow as a leader among minority-serving
research institutions.
As a young institution, with an innovative organization, and with two years since it started
operations, UTRGV can be proud of a mission on-route: to provide a high quality, innovative,
and affordable education to the students of South Texas, Texas, the United States and the world.
The University will transform Texas and the nation through student success, research, healthcare,
and commercialization of university discoveries1. A temporary vision that has become a
statement broadly implemented throughout the different Colleges and Schools within UTRGV,
engages faculty and staff into expanding the possibilities from the current multicultural and
multidisciplinary programs to cross-border collaboration.
Collaboration with universities across the border provides an opportunity to deliver a better
service to the bi-national community in the 150 mile-wide RGV region. The legacy institutions
had previous experiences in the development of bi-national programs and collaborations, but by
promoting cross-border regional collaboration, the new university demonstrate its commitment
to prepare the future engineering professionals.
The College of Engineering and Computer Science (CECS) at UTRGV promotes cutting-edge
research with international impact as a path to a better life, built on compassion, community, and
technology, and foresee every performed activity as a promoter for economic prosperity and
commitment to the global community 1. With an extensive selection of undergraduate programs
in the engineering field, the Department of Manufacturing and Industrial Engineering provides a
setting for technology development and applied research in the Engineering Technology (ENGT)
program. According to the program description, engineering technology education emphasizes
primarily on the applied aspects of science and product improvement, industrial practices, and
engineering operational functions2.
Introduction
Considered as an essential contributor to industrial efficiency, the practice of multidisciplinary
engineering design teams performs an important role in engineering problem solving and
managerial performance3. Thus, the capstone engineering course’s role in engineering education
is essential to prepare the students to resolve industry challenges. Nowadays, innovative methods
in teaching, including the cross-cultural student integration have proven effective to enhance
success in multidisciplinary engineering design teams4.
Examples of academic international programs, such as study abroad, student exchange or online
courses, allow students to experience certain advantages of cross-cultural education. However, a
more active participation would provide the students with opportunities to develop an
understanding of working in international settings and gaining the skills to successfully interact
with diverse cultures5,6.

As a bi-national region, we can consider this a privileged geographical area to experience crosscultural mobility. Therefore, cross-border collaborative learning through capstone engineering
projects is developed as a regional, cooperative scheme to provide additional societal settings for
technology development in undergraduate applied research for students on both sides of the Rio
Grande Valley.
Capstone project description: An Intelligent Closet
The main goal of the capstone project as a cross-border collaborative setting is to engage senior
students in multidisciplinary projects in practicing the acquired knowledge during their
corresponding coursework. This capstone program is developed as a two consecutive course
sequence. During the first semester, students use their time to identify an engineering problem
and proceed to develop an optimal solution. It is required to conduct a thorough research on the
topic and complete the planning and design of the final project. The subsequent, and last
semester is used to build and test the completed prototype model.

The main characteristic of a successful capstone project is
the innovation and technological development. The project
completed is a totally functional real-size prototype of a
clothing, storing and retrieving system: The Intelligent
Closet. It was designed following accessibility guidelines,
characterized by innovative hardware and software
solutions in the domain of home automation; the project
primarily focuses on the applied aspects of product
innovation, industrial practices, and engineering
operational functions, to offer useful services and
solutions to disabled and the elderly.

Figure 1. 3D Model - overall closet view
within walls.

The students worked as a team on every single design stages;
they discussed the best practices to innovate in the conveyor
mechanical system; 3D modeling of design for the parts was
required (Figure 1), and the fabrication and assembly process
of their own designs was an enriching experience for the
students (Figure 2). Once the parts were fabricated, the product
assembly process demonstrate to the students the importance of
teamwork, as the final product was created.

Figure 2. Fabricated prototype.

The software development and communication integration
process provided the students with different settings and
scenarios to try during the product testing phase. The first
version of an automated clothing storage and retrieving system
was achieved by incorporating a series of smart environment
scenarios in the domains of home automation.

Details of the advance technical project
The first version of the Intelligent Closet7 was completed through capstone projects and
undergraduate research. The success of the collaborative effort between institutions motivated us
to take the project to a more advance level and incorporate a graduate student and a technical
college due to the increased complexity and the need for expertise in different disciplines.
The new version of the project includes the concepts of artificial intelligence, a new design for
the storage and retrieval mechanism, and the optimization of the interior space of the closet. The
new scope of the project required to adapt the control of the different devices into a common
platform to be able to integrate and handle all the functions. The previous version ran the
different control modules in the specific programming protocols of the device manufacturers,
complicating the integration of additional functions.
Within the innovative functions of the closet is the ability of the system to allow persons visually
impaired to store and retrieve clothes of specific colors and types. When a person approaches the
closet to store a garment, the item will be placed in a receptacle where a camera will take a
picture and a computer algorithm will identify the color. The user complements the information
using the voice to state the type of garment. At this point, the system registers the color, the type,
and the slot inside the closet where the item will be stored. Once the garment has been identified
and its characteristics recorded, a multi-axis mechanism will take the piece to an empty slot
inside the closet. One of the innovations against the previous design is that the mechanism moves
only one item instead of the entire rack, reducing the size of the motors and the structure. When
the user approaches the closet to retrieve a garment, it is just necessary to use voice commands
ordering the color and type of garment needed. The computer has in the registry where the item
is located. The computer will confirm availability and will retrieve the garment to the reach of
the user. For users with no visual disabilities, the catalog in pictures of the garments stored in
the closet will be also available in a display located outside the closet. The user will be able to
browse the images and select the clothing that will be retrieved. This feature facilitates the
selection and combinations of the clothing by having the images displayed in the touchscreen
interface.
The project was divided in the following subsystems to better organize the collaborative work:
the image acquisition and algorithm for color identification, voice commands recognition and
integration of microphone and speaker, three-axis servo controlled stage to handle for storage
and retrieval including storage rack, the display for user interaction, and the internal and external
design of the closet. Python© programming language was selected as the main platform to
integrate all the subsystems.
The first stage of the project involves to fabricate a small scale prototype to test the functions and
debug the system. The second stage will involve obtaining funding to build a full scale
prototype.

Higher Level Research Collaboration with border Institutions
The collaborative team was formed by a graduate student in computer science from the
Tecnologico Nacional de Mexico / Instituto Tecnologico de Leon (TecNM Leon). This student
was a research scholar in the UTRGV who stayed for a three month period working in the
programming strategy and in the module for color recognition. The team from UTRGV consisted
of four undergraduate students and two professors from the engineering technology program
working on the coordination of the project and in the electromechanical system. The Tecnologico
Nacional de Mexico / Instituto Tecnologico de Matamoros (TecNM Matamoros) collaborated in
the module for voice recognition and tactile interface through two computer systems engineering
students and one professor. The Texas Southmost College carried out the physical design of the
closet with the participation of four students and one professor from the Architectural Design
program.
Implementation of Cross-border collaboration.
As proposed by Danielle Lake8, it is essential for higher education institutions to build a means
of communication among the disciplines. This option is developed as a strategy for sustainability
in education, with the aim of providing transformational knowledge into the learning outcomes
of the four different programs.
Therefore, multidisciplinary collaboration is presented as a bridge to establish connections
among the different perspectives of a problem. The ultimate goal of the proposed participation, is
to present a framework that leads to a broader structure of cross discipline interaction.
Advancements in technology development reveals critical societal problems, complex in its
nature, which are not possible to analyze correctly only from one perspective. Previous examples
of project-based approaches, show the limitations of one specific field in providing a viable
solution on the long term, which is essential for sustainability.
It is crucial for the correct development of an international collaboration program to establish an
open and continuous means of communication. Faculty must develop the sequence of actions
that will help on framing the problem, to allow the students to actively participate in a broader
project definition.
Challenges faced in the international collaboration.
No doubt the collaboration between institutions located in different cities, and moreover, in
different countries, will challenge not only the ability to communicate between the members of
the team, but also to recognize and adapt to the different cultures and ways to conduct of the
participants9. In this case, we allowed a period of adjustment by having introductory meetings
and lunch gatherings. The graduate student in computer science from the TecNM Leon carried
out a three-month research visit to the UTRGV which allowed him an immersive experience in
an US University. The scholarship was provided by his institution and the CONACYT. The
Texas Southmost College and the UTRGV are located in the same city which facilitated the
students from the first one to attend project meetings. The students and faculty from the TecNM

Matamoros were located just across the border from the UTRGV Brownsville campus which
didn’t represented too much problem either to attend work meetings. Nevertheless, students and
faculty took advantage of social media and electronic tools to create group chats and virtual
meetings to keep in contact regularly.
Designing an Effective International Collaboration
The collaboration scheme described in this work has a high content of student empowerment by
motivating them to participate in conferences and poster competitions. It also let them figure out
the best way to communicate by themselves and interact with their peers. Faculty facilitates
meetings, resources and mobility, but even though, some of those resources come from funding
where the students applied as a team or individually.
During the project, we took advantage of forums that promote student success such as those in
the UTRGV, for example Engage scholar symposium, and NSF INCLUDES Symposium for
advancing Latinas in STEM academic careers.
Participating in this type of project requires a lot of extra work beyond the classroom and the
regular class assignments, therefore it is of utmost importance to invite students whose academic
load allow them to devote the time that the project demands.
For faculty, the project selection has to be one that fits their field of expertise and in which they
find professional development in the form of publications etc.
Outcomes of the Project
This project is a work in progress, however, we have had some outcomes to this date that
exemplifies some relevant activities and outstanding achievements. The beginnings of this
project in 2017, with the initial collaboration of UTRGV and TecNM Matamoros, permitted to
obtain funding from The 100,000 Strong in the Americas Innovation Fund which allowed to
build a solid foundation for expanding the project.
In 2018, a group of twelve students and three faculty participated in the annual conference of
The Texas Regional Alliance for Campus Sustainability (TRACS) in Stephenville, TX, with
posters and presentations of collaborative work in the fields of automation, energy, and
sustainability. Some of these works were also awarded in the UTRGV Engage Scholar
Symposium of the same year, due the quality of the technical content and results.
During 2018, witnessing the success of collaboration in the project, the UTRGV CECS, and the
TecNM Matamoros signed a Memorandum of Understanding which was fundamental to expand
to other projects with different departments, such is the case of the TecNM with the Mechanical
Engineering Department and the College of Science.
In 2019, with the integration of a graduate student from TecNM Leon, the CONACYT
recognized the importance of the aspects that have been discussed in this paper, consequently,
awarded the student with a scholarship for the travel and research visit to UTRGV for three
months.

Benefits of International Collaboration Project.
Based on our personal experience in industry and in the interaction with people from local
companies in different forums, there has been long discussions about the importance of
providing the students with additional set of skills to those traditionally thought in the
classrooms. For example, sense of urgency to meet project deadlines, leadership and
communication skills. Many companies nowadays are global and their employees have to
Interact with individuals of different cities, cultures, and idioms. Through participating in this
project, we help to develop skills that our students will need to succeed in their professional life.
In the case of UTRGV, the strategic plan includes to positively impact our region with high level
research, and international collaboration is a key ingredient for that, this project contributes to
that goal as well.
Conclusion and Future Work.
In this paper, we described a challenging project not only in terms of technological advance but
also in terms of coordinating collaboration with a group of undergraduate and graduate students
from four different institutions in US and Mexico. We created a scheme to promote professional
development in the students by giving them the experience of international collaboration,
teamwork, communication and networking. This project is in progress and is expected to offer
more positive experiences along the way to completion.
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